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ABSTRACT
Remodeling in chronic sinusitis and nasal polyps is discussed. In chronic sinusitis, epithelial shedding, which is
characteristic of asthma, is not observed in the maxillary sinus. An increase of mirovillous cells, squamous
metaplasia, and goblet cells is observed in many patients with chronic sinusitis. The decreased ciliary area in-
creases postoperatively in the maxillary ostium and in the maxillary sinus. There is no significant difference in
the number of goblet cells between normal controls and chronic sinusitis. On the other hand, the number of
submucosal acinar cells in chronic sinusitis is significantly higher than that in normal controls. Nasal polyps
show a diversity of histogical findings. Although squamous metaplasia and goblet cells hypertrophy is observed
in many patients, epithelial shedding, which is characteristic of asthma, is not observed in nasal polyps. The
most striking finding of glands in nasal polyps is long shape. Histochemical analysis reveals deposition of types
I, III, and V collagens in nasal polyps. Myofibroblasts, which are abundant in nasal polyps but rare in nasal mu-
cosa, could be involved in the growth process of nasal polyps by inducing extracellular matrix accumulation. Al-
though accumulation of extracellular matrix is a main feature of nasal polyps, its pathogenesis is not clearly
known.
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INTRODUCTION
Not much attention has been paid to the remodeling
process of chronic sinusitis and nasal polyps. Here
we will discuss remodeling of chronic sinusitis and
nasal polyps. Historically, sinusitis was divided into
three categories based on disease duration , with
chronic sinusitis referring to patients whose symp-
toms were of greater than 6 weeks’ duration.1 At the
time this terminology was developed, all sinusitis was
thought to be infectious. It is now clear, however, that
the majority of patients with chronic sinusitis do not
have an infectious disorder, and this has led to the
need to develop more appropriate terminology to de-
scribe the myriad of conditions that make up chronic
sinusitis. There are 4 major pathophysiologic proc-
esses responsible for chronic sinusitis.1 Only a small
subset of patients in fact have chronic infectious sinusi-
tis. These patients typically have underlying humoral
immune deficiencies , HIV , Kartagener syndrome ,
and cystic fibrosis . In contrast , most patients with
chronic sinusitis have an inflammatory disorder with
prominent hyperplasia of immune cells . Chronic in-
flammatory sinusitis is thought to result from chronic
or recurrent occlusion of the sinus ostia caused by vi-
ral rhinitis, allergic rhinitis, anatomic predisposition,
or other causes. These processes lead to recurrent
acute bacterial infections, possibly in association with
barotrauma of the sinus cavities and damage to the
respiratory epithelium, ciliary destruction , mucous
gland and goblet cell hyperplasia, bacterial coloniza-
tion, and, ultimately, chronic inflammatory changes.
Eosinophils are not a feature of chronic inflammatory
sinusitis, although this disorder might produce nasal
polyps . Chronic inflammatory sinusitis is generally
responsive to surgical interventions. In contrast to
chronic inflammatory sinusitis, the other immune in-
flammatory disease is characterized by prominent ex-
pression of eosinophils and perhaps should be re-
ferred to as chronic hyperplastic eosinophilic sinusitis.
This disease is frequently associated not only with na-
sal polyps but also with asthma, atopy, aspirin sensi-
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tivity, and, as described in our article, the overpro-
duction of cysteinyl leukotrienes. Chronic hyperplas-
tic eosinophilic sinusitis represents the majority of pa-
tients seen with chronic sinusitis, and in contrast to
chronic inflammatory sinusitis, it does not respond
well to surgery. The final condition associated with
chronic sinusitis is allergic fungal sinusitis. This pre-
sumably represents a severe variant of chronic hyper-
plastic eosinophilic sinusitis associated with the colo-
nization of fungi within the sinus cavities and the
presence of an IgE- and Th2-like lymphocyte-media-
ted allergic inflammatory response.1
CHRONIC SINUSITIS
EPITHELIAL ABNORMALITIES
The normal nasal and paranasal epithelium is a strati-
fied structure consisting of a columnar layer compris-
ing ciliated and secretory cells supported by basal
cells. In the normal maxillary sinus, more than 90% of
the mucosal surface area is covered with cilia. In or-
der to qantitate epithelial abnormalities in chronic si-
nusitis, the maxillary mucosa of both the superola-
terla wall and the ostium were sampled during en-
donasal sinus surgery . Ciliary surface was deter-
mined using scanning electron microscopy and was
expressed in terms of ciliary area, which is the per-
centage of mucosal surface occupied by cilia . The
mean ciliary area at the time of surgery was 61% and
40% in the superolateral wall of the maxillary sinus
and the ostium of the maxillary sinus, respectively.2
Although the increase of mirovillous cells, squamous
metaplasia, and goblet cells was observed in many pa-
tients, epithelial shedding, which is characteristic of
asthma,3 was not observed in the maxillary sinus. In
the inferior turbinate mucosa , epithelial shedding
was not observed in chronic sinusitis . After 7.6
months postoperatively, samples were taken from the
same sites and examined using scanning electron mi-
croscopy. The mean postoperative ciliary area value
was 74% in the superolateral wall and 51% in the
ostium . 2 These postoperative values were signifi-
cantly higher than the preoperative values. These re-
sult suggests that loss of cilia in chronic sinusitis is a
reversible phenomenon. However, those with low cili-
ary area at the time of surgery did not recover to the
same extent as those with higher ciliary area.
Unlike allergic rhinitis, nasal mucosal sensitivity to
histamine is not enhanced in chronic sinusitis. We in-
stilled a histamine solution with serial dilution on the
inferior nasal mucosa until sneezing occurred. There
was no significant difference in the histamine thresh-
old between chronic sinusitis patients and normal
control subjects . Thus epithelial abnormalities in
chronic sinusitis are not severe enough to cause en-
hanced mucosal reactions to environmental stimuli as
in the case of asthma.
Recently , Ponikau et al. 4 reported that epithelial
damage (shedding) was observed in all specimens
from twenty-two randomly selected patients with re-
fractory chronic rhinosinusitis undergoing endo-
scopic sinus surgery. The discrepancy between the
results in this study and our observations may come
from differences in subtype classification of sinusitis.
Since 68% of their subjects had been previously diag-
nosed with asthma, most of their patients had diagno-
ses of chronic hyperplastic eosinophilic sinusitis ac-
cording to the classification explained in the introduc-
tion. On the other hand, the majority of our subjects
had chronic inflammatory sinusitis.
MUCOSAL THICKENING AND SUBEPITHELIAL
FIBROSIS
Electron microscopy of asthmatic basement mem-
brane demonstrated that the true basement mem-
brane, the lamina rara and densa, is normal in these
tissues. The “thickening” is the result of a dense fi-
brotic response that occurs primarily in the lamina re-
ticularis.5,6 This response is characterized by the en-
hanced accumulation of fibronectin and types I, III,
and V collagens. In chronic sinusitis, mucosa in the
maxillary sinus is thickened.7 Sobol et al. 8 examined
submucosal collagen deposition using van Gieson
stain. The mean grade of subepithelial collagen depo-
sition was significantly higher in adult patients with
chronic sinusitis and pediatric patients compared
with control subjects . Although the presence of
subepithelial fibrosis has been associated with dis-
ease severity and correlated with a decline in FEV1 in
asthma,9 significance of subepithelial collagen deposi-
tion in chronic sinusitis is not known.
GLAND CELL METAPLASIA
Mucus hypersecretion is a well-documented feature
of chronic sinusitis. In humans, subepithelial glands
are the major source of airway mucus. In order to de-
termine whether goblet cells or submucosal gland
cells are important in chronic sinusitis , Majima
et al .10 histochemicaly quantitated the number of
goblet cells and submucosal acinar cells in the nasal
mucosa from 65 patients with chronic sinusitis and 18
normal control subjects. Results showed no signifi-
cant difference in the number of goblet cells between
normal controls and chronic sinusitis. On the other
hand , the number of submucosal acinar cells in
chronic sinusitis was significantly higher than that in
normal controls (p<0.01). The area occupied by the
acini in lamina propria was also increased in chronic
sinusitis (p<0.001). This was also true in the case of
maxillary sinus. Thus, hyperplasia and hypertrophy
of nasal acinar cells may have an important role in
mucus hypersecretion in chronic sinusitis.
In order to more clearly determine the nature of
the mechanism of submucosal gland hyperplasia and
hypertrophy , Guo et al .11 established a serum-free
three dimensional culture system for human nasal
gland cells and Kimura et al.12 examined the effects
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Fig. 1　Hypothesis on formation of nasal polyps. Infiltating 
cels, mainly eosinophils and tissue resident cels produce 
growth factors and chemical mediators, which contribute to 
fibroblasts and myofibroblasts proliferation. These cels in-
duce degradation and accumulation of extracelular matrix, 
which finaly leads to formation of nasal polyps.
Infiltrating cells and tissue resident cells
Production of growth factors and chemical mediators
Proliferation of fibroblasts and myofibroblasts 
Degradation and accumulation of extracellular matrix
Formation of nasal polyps
of epidermal growth factor, keratinocyte growth fac-
tor, and retinoic acid on proliferation and differentia-
tion of these cells. The addition of EGF promoted the
proliferation of human nasal gland cells in its optimal
concentrations, and KGF also enhanced cell prolifera-
tion. Conversely, cell differentiation was not depend-
ent on EGF and KGF Lee HM et al. 13 identified EGF-
R in submucosal gland cells and determined im-
munoreactivity for EGF in epithelial cells, inflamma-
tory cells and in some submucosal gland cells. The
finding that EGF-R and its ligand proteins in chronic
sinusitis specimens stain stronger than in controls13
suggests that EGF and EGF-R are involved in prolif-
eration of submucosal gland cells. Furthermore, KGF
and its receptor mRNAs are upregulated in chronic
sinusitis.14
REMODELING IN NASAL POLYPS
Nasal polyposis is a chronic inflammatory disease of
the nasal mucosa with inflammatory cells, infiltration,
especially eosinophil, and structural modifications of
the epithelium (secretory hyperplasia and squamous
metaplasia ) and lamina propria ( basement meme-
brane thickening, extracellular matrix accumulation
and fibrosis). Although the pathophysiology of nasal
polyps is not clearly known, our hypothesis on the
formation of nasal polyps is shown in the Figure 1.
Kakoi and Hiraide15 classified nasal polyps as soft
tissue masses of edematous (60%) , glandular-cystic
(27%) and fibrous (13%) types, which exhibit intact
epithelium on the surface with massive edema fluid,
and pseudocyst formation in the deeper layers. Polyp
tissue seems to be significantly denervated, and it is
postulated that the open endothelial junctions of ve-
nules might be responsible for the vascular leakage.16
However, the pathophysiological mechanisms of the
formation and growth of nasal polyps remain poorly
understood.
The following is an explanation of epithelial abnor-
mality, subepithelial fibrosis, gland abnormality, and
infiltrating cells.
EPITHELIAL ABNORMALITY
Nasal polyps have extremely diverse histogical find-
ings. Although squamous metaplasia and goblet cell
hypertrophy was observed in many patients, epithe-
lial shedding, which is characteristic of asthma,3 was
not observed in nasal polyps.
SUBEPITHELIAL FIBROSIS
Histochemical analysis revealed deposition of types I,
III, and V collagens. Fibrosis is a dynamic process
that involves a balance of matrix metalloproteinases
(MMPs) and their inhibitors, the tissue inhibitors of
metalloproteinases (TIMPs). We postulated that ex-
pression of MMPs are involved in the formation and
growth of nasal polyps and examined the expression
of MMP-2 and MMP-9. Using RT-PCR, we found that
MMP-2 mRNA but not MMP-9 mRNA was expressed
in nasal polyps. However, neither of these proteins
were expressed in the inferior turbinate of the
healthy subjects. We confirmed the expression of the
MMP-2 protein using a monoclonal antibody against
MMP-2. MMP-2 immunostaining was observed in
subepithelial cells and basal cells of the epithelia in
nasal polyps. We postulated that cells having positive
signals in the subepithelial area are probably fibro-
blasts. There was no evidence of MMP-2 immuno-
staining in the inferior turbinates of patients with al-
lergic rhinitis．
In contrast, Lechapt-Zalcman et al.17 reports differ-
ent findings regarding MMP expression . In their
study, MMP-2 and MMP-9 expression in the nasal
polyps of 24 patients undergoing ethmoidectomy was
compared with 15 control nasal mucosal samples ob-
tained from snorers during turbinectomy. Concomi-
tant studies of gelatinase immunoexpression showed
that MMP-9 expression was enhanced (4- to 16-fold)
in surface epithelium, glands (p<0.05), and submu-
cosal inflammatory cells (p<0.05). In addition, MMP-9
positivity was markedly increased in endothelial cells
(p< 0.01 ) . These results suggest up-regulation of
MMP-9 expression in the glands and vessels of nasal
polyps. The investigators concluded that MMP-9 may
play a role in upper airway remodelling during nasal
polyposis. However, despite the fact that MMP-2 ex-
pression in nasal polyps was higher than that in nasal
mucosa, there was no statistical difference. Although
there is some discrepancies between the results in
our study and their results, it can be concluded that
specific expression of MMP is important in the forma-
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MYOFIBROBLAST HYPERPLASIA
Subepithelial myofibroblast hyperplasia has been re-
peatedly demonstrated in asthma studies and models
of asthmatic responses.18,19 Furthermore, α-smooth
muscle actin-negative and -positive myofibroblasts
have recently been documented. However, the origin
and fate of these cells is not fully understood. Myofi-
broblasts are major producers of collagenous and
noncollagenous matrix molecules. They may serve a
similar role in asthma, as evidenced by the fact that
the number of myofibroblasts present in the submu-
cosa correlates with subepithelial collagen deposi-
tion.18
Wang et al.20 qantitated and localized scattered my-
ofibroblasts and TGF-beta in nasal polyps and normal
nasal mucosa. In eight nasal polyps , in which the
pedicle was preserved , alpha-SMA and TGF-beta
were evaluated and compared in the pedicle, central,
and tip areas. TGF-beta expression was compared be-
tween low (zone 1), moderate (zone 2) , and high
( zone 3 ) zones of alpha-SMA positivity . Results
showed that alpha-SMA and TGF-beta indices were
significantly higher in nasal polyps than in nasal mu-
cosa. Furthermore, in the eight selected nasal polyps,
alpha-SMA-positive cells were significantly more
abundant in the pedicle than in the central and tip ar-
eas , whereas TGF-beta-positive cells were signifi-
cantly more numerous in the pedicle than in the tip
area. The number of TGF-beta-positive cells was sig-
nificantly higher in zone 3 than in zone 1 of alpha-
SMA positivity . It can be postulated that myofibro-
blasts, which are abundant in nasal polyps but rare in
nasal mucosa, could be involved in the growth of na-
sal polyps by inducing extracellular matrix accumula-
tion. The investigators concluded that the local devel-
opment of myofibroblasts in nasal polyps could be
controlled by TGF-beta, which is produced locally by
inflammatory cells．
GLAND ABNORMALITIES
The most striking finding of glands in nasal polyps is
its long shape. Some glands can be as long as 2 to 4
mm. The elongated glands extend from the pedicle to
the tip of the polyps. Abundant hypertrophy of mu-
cous cells is observed in the gland. Furthermore, the
glands are much larger than those observed in
chronic sinusitis mucosa. Cysts are often seen in the
gland. They contain eosinophilic contents. It can be
assumed that mucin produced in the glands can not
be secreted effectively. Thus gland acinar cells and
cells in the conducting tubules undergo degenera-
tion, forming a cyst.
INFILTRATING CELLS
Although cell infiltration is not a part of remodeling, it
is important to stress that eosinophil infiltration in the
nasal polyps is one of the key players in its patho-
genesis . Subepithelial esosinophil number is much
greater in the nasal polyps than that in the inferior
turbinates of patients with chronic sinusitis.
The importance of eosinophilic inflammation is
well investigated by Bachert et al.21 They sought to
determine whether there is an association between
total and specific IgE to a variety of allergens in polyp
and nonpolyp tissue and markers of eosinophilic in-
flammation or skin test results. The concentrations of
total IgE, IL-5, eotaxin, ECP, LTC4D4E4, and sCD23
were significantly higher in nasal polyp tissue com-
pared with nonpolyp tissue. Total IgE correlated sig-
nificantly with IL-5, ECP, LTC4D4E4, and sCD23
and with the number of eosinophils in nasal polyps.
They concluded that there is an association between
increased levels of total IgE, specific IgE, and eosino-
philic inflammation in NPs, which may be of rele-
vance in the pathophysiology of nasal polyposis. How-
ever, some of the polyps do not contain many eosino-
phils, while mononuclear cells are the dominant cell
types in the infiltrating cells. The mechanism of for-
mation and development of such mononuclear cell
dominant polyps are poorly understood and should
be investigated in the future．
CONCLUDING REMARKS
There is clear distinction between remodeling in
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asthma and that in chronic sinusitis and nasal polyps.
Characteristics of remodeling in the three diseases
are summarized in the Table 1. In the chronic sinsusi-
tis, epithelial shedding, which is a characteristic of
asthma, is not observed in the maxillary sinus. The
increase of mirovillous cells , squamous metaplasia ,
and goblet cells is observed in many patients with
chronic sinusitis. Although accumulation of extracel-
lular matrix is a main feature of nasal polyps , its
pathogenesis is not clearly known. This should be
clarified in future studies.
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